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FOREWORD
Tlw qu ;1]ity of groundwater is becoming an increasin gly apparent con cern . Those charged with

responsibilities related to groundwater matters are being called upon by concerned citizens for
information and advice about their own water supplies. To the public, the obvious source of
groundwater contamination is the application of fertilizers and pesticides to the land. Sources
equally important, but less obvious, are underground storage tanks, drainage wells, landfills, and
,past and present hazardous waste management procedures. Public concern frequently focuses upon
agricultural application of chemicals to the land, thus failing to recognize the significant contribution
to groundwater contamination by urban use of similar chemicals. In addition, household products
such as detergents, cleaning compounds, paint thinners, automotive oil, etc. must be considered. As
Pogo, Walt Kelly's cartoon hero of the 1950's and 1960's, once said, "We have met the enemy and it is
us."
This educational project has been created to help our youth move from being part of the
problem to being part of its resolution. One of the teachers who tested this material in its draft form
made the following comments: "When we think of water and its everyday usage, it may be hard to
think of it as a reusable resource . . . it seems like a one way trip." He went on to state, "Another idea
that is hard to grasp is that there is just as much water on Earth today as there ever was, yet we are
constantly reminded of water shortages, water quality, and ... of water pollution." A teacher who
· tested the elementary materials reported the shock of her students when they considered that the
water they were drinking may be the same water in which dinosaurs swam.
The quality of our groundwater is the responsibility of each member of society. Our behavior
1 must not be one of merely finger-pointing. We must take that responsibility seriously by learning
about 1) the phenomenon of ground water, 2) mechanisms by which contamination may occur, and
3) the effects of contamination on all forms of life- not only humankind.
OUTLOOK: On Groundwater was prepared with the support of the U.S. Department of Energy
(DOE) Grant No. 01362-87-08. However, any opinions, findings, conclusions or recommendations
expressed herein are those of the authors and do not necessarily reflect the views of DOE. A select
group of teachers were brought together to write the activities at the Institute for Environmental
Education on the campus of the University of Northern Iowa. Prior to the writing phase, Ms. Cathy
Wilson and Ms. Kathy McKee conducted extensive research seeking technical and educational
support literature. Their special dedication to this project_ was a major contribution to the smooth
operation and success of writing OUTLOOK: On Groundwater. The creative teachers selected for the
writing phase were Nancy Lockett and Patricia Mead (elementary module), Heidi Andre and Roger
Beane (middle school/junior high module), and Joyce Meyers and Bernie Hermanson (senior high
module).
Ultimately, the editing process must take place. In this, Ms. McKee played a major role.
Difficult decisions are always a part of editing. More materials were written than could fit into the
scope of time allowed for the module. Decisions to eliminate or modify original activities were solely
my own and were based on project scope, balance, and time.
David Mccalley, Director
Institute for Environmental Education
University of Northern Iowa

Beam Me Up, Soddy
Activity in Brief
Students learn about soil moisture by working with a solar stilL

Objective
Students will discover that soils can
hold and lose varying amounts of
moisture, depending upon physical
environmental factors.

Site
Classroom and grassy lawn area with
good sun exposure
Suggested Time
3 class periods
Materials
single sheets transparent plastic
(about 5' x 5')
margarine tubs or similar containers
shovels
balances

Exploration

Invention

Send the students, in groups of 3
or 4, to a grassy area to build
solar stills.

Guidance should be provided to
enable students to see that water
collected in the container came
from soil moisture. Through
questioning and discussion,
students will establish the source of
the water. Focus thinking on the
variables which influence the
amount of water collected.

Application
· Construct another still in different
soil conditions that will yield either
more or less water than the first
still.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Before carrying out this
activity, the instructor should
make note of several locations
which provide soils with
different physical and
environmental variables. Cut
the sod into a single plug. This
plug should be the diameter of
the top of the hole you will be
digging and 7-10 cm thick.
This is done so that when you
are finished with the still the
soil and plug can be replaced.
The area will then more
quickly return to its original
condition.
After the plug is set aside, the
students dig av-shaped hole
for their solar still, placing a
margarine tub container in the
bottom. The edge of the single
plastic sheet can be held down
with the soil taken from the
hole. The plastic should sag at
a very steep angle and a rock
should be placed directly over
the container which has been
placed in the bottom of the
hole. Students will need to
cooperate to keep their site
neat and free of debris.
Depending on the foot traffic
in the area, you may wish to
have students mark the
location of their holes with
small, bright-colored flags
such as the type used to mark
gas or tile lines.
Some moisture may appear on
the plastic after only ten
minutes, but the still should be
allowed to run for a full day to
collect larger amounts. The

amounts of water collected
will vary depending upon the
construction of the still.
Encourage students to come
up with ideas as to how
different stills produced
differing amounts of water.
How did the location of the
still affect the amount of
water? How did the
construction of the still affect
the collection of water?
List the variables generated by
the students during the
discussion. These variables
may include ideas such as soil
type, soil compaction, plant
cover, amount of rainfall, and
amount of sunlight falling on
the still. Note that the variables
may be either soil or weather
related.

Follow-up Suggestions
1. Tell your students: "You are
stranded at school for three
days and three nights. There is
no water of any kind in the
building. Fortunately, you
know about solar stills. Where
and how large will you make a
still which will provide you
with enough water to survive
for these three days?"
2. Make a poster or some type
of display illustrating all
possible paths water can take
once it enters the soil.
Resources
Local soil survey maps
Air Force Survival Guide

Boy Scout Field Guide
Biology or earth science texts with
diagrams of water cycle
Copyright ce> 1988
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Solar Still Construction
(taken from Boy Scout Field Guide)

WATER DROPS

The Quiet Pump
Activity in Brief
Students see evidence of transpiration through bagging
leaves on trees and collecting water released.

Objective
Students will learn that during the
growing season trees pump
considerable amounts of water from
the ground daily, releasing most of it
to the air.
Site
Outdoor area having trees with easily
reached leaves; classroom.
Suggested Time
2 class periods
Materials
nontextured plastic sandwich bags
(size may vary)
twist ties
markers
masking tape
small balances

Exploration

Invention

Using a plastic bag and twist tie,
students will explore what
happens when leaves are
confined within a bag for a 24
hour period.

From the observations,
measurements, and discussion
resulting from the sandwich bag
activity, students will develop the
concept of transpiration.

Application
Using a volume equal to the
amount of water transpired by one
tree, determine the total amount of
water that trees in a 10 acre wooded
area (assuming 100 trees per acre)
transpire in a single day.

Teacher Notes

Forthe
Teacher
Adapted By:
Bernard Hermanson
Joyce Meyers

For Your Information
Depending upon the number
of balances available and/ or
the number of accessible trees,
this activity may be done
individually or by small
groups. A full class period
may not be needed for the first
of the two days.
Have each student or group
mark their bag with their name
and record its initial weight.
Go outside to the designated
area and place a bag over a leaf
or a small number of leaves.
Seal the bag around the stem
with the twist tie. While at the
tree, estimate the total number
of leaves on the tree. Allow the
students to use any method
they deem correct for
estimating the total number of
leaves on the tree. Let students
assume and make observations
about occurences inside the
bag. After 24 hours, carefully
remove the bag from the stem
and reweigh the bag and
contents. Using the estimated
number of leaves on the tree,
have the students determine
the total volume of water
transpired in the 24 hour
period. When estimating the
volume of transpired water, a
quick conversion can be made
using as equivalents one gram
of water and one milliliter of
volume. In order to develop
the idea of transpiration,
teacher directed discussion
should include questions such
as: What is the liquid in the
bag? How did it get there?

Where did it come from?

Follow-up Suggestions
1. Determine the average
annual precipitation required
to maintain the trees in the
forest referred to in the
Application.
2. Explore the fate of water
transpired by trees in the forest
referred to in the Application.
Resources
Texts with good illustrations and
discussion of transpiration
Project Learning Tree, 1'll7
Copyright © 1988
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Buried Treasure
· Activity in Brief
Students build a working model of an aquifer and
observe water as it is transmitted through it.

Objective
Students will learn that an aquifer is a
subsurface layer of material which
allows water to flow through it
(permeable) and is bounded by a
layer which does not (impermeable).
Site
Classroom
Suggested Time
1 class period
Materials
clear rectangular plastic boxes
potter's clay or natural clay soil
small paper cups or baby food jars
large pin or other tool for making
holes in boxes
water

Exploration

Invention

Students will build a model of an
aquifer. By pouring water on
designated areas in the model
and collecting the water from
holes in the box, the students will
explore the action of the model.

Students will construct an
explanation for di(ferences in water
movement in the model.

Application
Students are asked to place a
second hole in the box
approximately 1-2 cm above the
first. Without moving the container,
students will find a way to make
water flow from the top hole only.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Use the longest boxes you can
find in making your model
aquifers. Students, working in
groups of two or three, will
build the model aquifer as
shown in the diagram. The
holes should be no smaller
than 1 mm and no larger than
2 mm. It is most dramatic if the
bottom layer of clay is very
thin. Make sure that each layer
is well-packed. For easy cleanup, line the bottom of the
container with waxed paper
before the clay. Set up cups to
catch the water that comes out
of each hole. Use the same size
and/ or type of cup for
pouring. Pour in the water, one
cup at a time, until drops
appear at the holes. Pour in
one final cup of water. After
the water is collected, compare
the amount from each hole
with the total amount poured.
The idea in this exploration is
that the students will be a little
surprised that even a thin layer
of impermeable material will
not allow water through. But
you must avoid saying this at
any time. Some students will
not even realize this until the
Invention phase when they
attempt to explain why there is
a .large difference in the
amount of water coming out of
each hole.
Placing tape over the holes
will allow you to use these
boxes for other activities. Try
to reuse the plastic boxes
yearly. For environmental

reasons, try to avoid the use of
plastic or styrofoam cups.

Follow-up Suggestions
1. Try rebuilding the aquifer so
that the water comes out both
holes, but each hole has its
own separate aquifer.
2. Describe how a town built
on top of this model could
access and use the water in the
aquifer for its water supply.
3. Invite a local well driller to
your class to discuss
information related to local
- aquifers, drilling depth, costs,
etc.
Resources
local well drillers
State Geological Survey
Hallberg, G. Groundwater Quality and
Agricultural Chemicals: A Perspective
From Iowa. Proceedings from the North
Central Weed Control Conference-General
Session. Vol. 40, 1985.
National Water Well Association.
America's Priceless Groundwater
Resource. Available from Nation Water
Well Association, 500 West Wilson Bridge
Road, Worthington, Ohio 43085. Phone:
(614)~WELL
Copyright e 1988
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Model Aquifer
for
"Buried Treasure"

clay

~ft'Jlli"--- gravel
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Personall y Perceived Million
Activity in Brief
Students count one million objects and
explore the concept of parts per million.

Objective
Students will learn the meaning of
parts per million.
Site
Classroom
Suggested Time
2 class periods
Materials
various (student generated)

Exploration

Invention

Have the students, as a class,
count one million of something.

Create concentrations of 1, 16, and
45 parts per million.

Application
Find the federal or state limits of
various water contaminants and,
using the model, demonstrate these
concentrations.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
The students may not want to
count the entire one million
one by one. We do not
recommend they do so. They
may want to use some method
of estimating. For example,
they may wish to determine
the number of objects that will
fill a container. Then, using
this container as a standard,
repeatedly fill and empty the
container into an area set aside
for this purpose until
approximately one million
objects have been
accumulated. You should
allow students to use whatever
objects they want, but they
must realize that they need to
have the actual one million in
the room when they get
finished. Field com kernels
will take up about 12.5 bushels
of space, about 0.5 cubic
meters. Popcorn will take up
less space, rice even less. As it
may be possible to reuse the
objects from year to year, it
would be a justifiable expense.
In Invention, the numbers 16
and 45 were chosen because
they are, respectively, the
average oxygen requirement
for trout in a stream and the
upper limit for nitrate
contamination in drinking
water. Remember that mg/L
and mg/Kg are about the
same concentrations as parts
per million (ppm).
Federal limits of some
contaminants can be found in
the appendix. You may wish to

contact your state's
Department of Natural
Resources or hygenics lab for
additional information.

Follow-up Suggestions
1. Demonstrate 45 ppm with
food coloring in water using a
clear plastic 2 liter soft drink
bottle.
2. Research health effects
associated with consumption
of some common water
contaminants.
Resources
State hygenics lab
County extension service
Water testing labs
Water Quality Fact Sheets
Drinking Water - A Community Action
Guide. 1986. Available from Concern, Inc.,
1794 Columbia Road NW, Washington,
D.C.2000J
Copyright © 1988
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(kon-tam-i-na-shon)
Activity in Brief
Students construct a definition for the words contaminant and contamination
and examine various home products as sources of contamination.

Objective
Students will be able to identify a
contaminant as an item out of place
or contamination as concentration
levels well above normal.
Site
Classroom
Suggested Time
1 class period
Materials
Will vary with teacher ideas.

Invention

Exploration
At five established quiz stations,
students will examine substances
to determine the presence of
contaminants.

The group will construct consensus
definitions for the words
contaminant and contamination.
These should be compared with
dictionary definitions for each.

Application
Students bring to class household
products related to personal care,
plant and yard care, house care,
motor and vehicle care, home
repair, and hobbies and examine
their contents, discussing what
potential contaminants may exist in
each. Determine how the
substances may become
contaminants.

Teacher Notes

Forthe
Teacher
Created By:
Joyce Meyers
Bernard Hermanson

For Your Information
Have stations set up around
the room before students come
to class. Introduce the quiz as
if it were a formal one.
Students will be asked to go to
each station and identify the
containers of water which they
think are contaminated or best
show contamination. They
should be encouraged to use
different senses at each station,
but NO TASTING. Everyone
must be able to defend their
choices. Students may differ
on what they perceive to be
best answers for each station.
Each quiz station should
contain several small jars
(baby food jars or some similar
type) about half full of water
or some water mixture. Some
ideas for contaminants at the
stations include: milk in water
(can be seen, but question as to
whether it will be considered a
contaminant), salt in water
(not perceivable without
tasting the water), cider
vinegar (would be able to
smell but not see the
contamination), an oil mixture
in water, pepper corns in
water, etc. The list is almost
limitless.
For the Invention and
Application phases of the
activity, let students come up
with their own ideas. It is
suggested that references not
be used. The idea is for the
students to construct their own
definitions and hypotheses.

Application ideas can be
discussed in small groups and
shared with the group as a
whole. A class list of ideas will
expand the ideas of the small
groups.

Follow-up Suggestions
1. Investigate accepted
standards for water
contamination relative to its
various uses (i.e. drinking,
recreation).
2. Activity #6 - "Horne-A
Hazardous Waste Site?"
Resources
Agriculture and Groundwater Quality.
Council for Agricultural Science and
Technology, Report No. 103. May 1985

Cooperative Extension Service, Iowa State
University. Environment '87 Groundwater Contamination. Series GWl
through GW10.
University of Wisronsin Extension Bulletin
No. G3054, Nitrate in Wisconsin
Groundwater: Sources and Concerns.
University of W1Soonsin Extension Bulletin
No. G3213, Pesticides in Groundwater How They Get There, What Happens to
Them, How to Keep Them Out.
Cooperative Extension Service, Iowa State
University. Bulletin Pm 1202,
Groundwater Contamination in
Northeast Iowa.
Copyright © 1988
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Home-A Hazardous
Waste Site?
Activity in Brief
Students explore properties of hazardous products, determining what
makes them hazardous and how to reduce use of such products.
Objective

Students will determine ways to
reduce or eliminate hazardous wastes
generated in their homes.
Site

classroom
Suggested Time

2-3 class periods
Materials

various reference materials

Exploration

Invention

Using list of possible
contaminants generated in
Activity 5, (kon-tam-i-na'-shon),
students explore the properties of
these substances that cause them
to be considered hazardous.

Students determine ways to reduce
or eliminate use of hazardous
chemicals in their homes, and ·
investigate proper disposal
methods for these chemicals.

Application
Students develop an inventory of
hazardous household chemicals to
be conducted in their homes.
Students share their findings with
their families and discuss how use
of these products may be
significantly reduced or eliminated
and proper disposal procedures
may be followed.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
The appendix contains teacher
information critical to this
activity. "Hazardous
Household Products" has a
great deal of information
relating to the potential
hazards of the chemical
ingredients in many household
products. The CBE fact sheets
entitled "Alternatives to
Household Hazardous Wastes"
and the sheet entitled
"Hazardous Wastes in Your
Home" have good ideas for the
Invention phase of the activity.
Encourage students to explore
many resources such as The
Handbook of Chemistry and
Physics, chemical catalogs,
local, poison control centers,
home economics instructors,
county extension, etc..
During the Application phase
of the activity, use the
inventory checklist in the
appendix as a model for
making a checklist of your
own.
Follow-up Suggestions
Create a newsletter which will
inform the public about
alternatives to use of
hazardous household
chemicals and proper disposal
of these chemicals.
Resources
Chemical Referral Center: 1-800-CMA8200. This number is sponsored by the
Chemical Manufacturer's Association.
This number will refer you to a specific
manufacturer for answers about
product questions.

U.S. Consumer Product Safety
Commission: 1-800-638-2772. This
number will provide information on
product labeling.
Also contact:
Poison Control Center
Department of Natural Resource
County Public Health Department
County Solid Waste Department
County Cooperative Extension Service
Fritsch, Albert J., editor. The Household
Pollutant Guide. New York: Anchor Press,
1978.
Copyright Ci:> 1988
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D. B. Slllirch
(or Clean Up Your Aquifer)
Activity in Brief
Students' attempt to dean up a contaminated model aquifer.

Objective
Students will discover thaf once an
aquifer is contaminated, its clean up
is a long and difficult process.
Site
Classroom
Suggested Time
1-2 class periods
Materials
clay, modeling or potter's
white aquarium gravel
food coloring
4 oz. paper cups (no larger)
plastic boxes
pea gravel
small drinking straw
water

Exploration

Invention

Students will build a model
aquifer, "contaminate" it with
food coloring, and clean it out
using repeated flushings of water.

Students develop the idea that
cleaning an aquifer is nearly
impossible.

Application
Investigate current attempts to
decontaminate aquifers. Determine
the success of these attempts.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Students, working in groups of
2 to 3, will build a model
aquifer as illustrated in the
diagram (once the model is
built you may be able to keep
it intact for future use). Both
clay layers should be well
sealed a~ainst the sides of the
plastic box. Place 10 drops of
food coloring on the surface of
the model. The coloring
represents a one time
application of a soil-applied
chemical. Then ask questions
such as: Where does the water
that goes into the aquifer come
from? How much water would
it take to flush an aquifer 40
miles long and 100 feet deep?
What things might influence
the flushing time needed?
Slowly pour one 4 ounce cup
of water on the gravel recharge
area and collect it as it runs out
of the straw. Repeat this
process until all food coloring
is washed out and the water is
clear. If the gravel is not white
students may think the color
comes from the gravel.
Collecting the liquid in white
pa per cups enhances the
detection of faint coloration.
You may wish to transfer a
portion of the liquid to a series
of test tubes. Note that looking
down the length of the tube
enables faint colors to be
detected more easily than by
looking through the tube.
Record the number of
flushings required to reach a
"colorless" output (probably

more than seven).
Please note that each 4 ounces
of water being poured on the
model is roughly equivalent to
0.7 inches of rain. The ten
drops of food coloring applied
to the surface of the model is a
much greater amount than
would actually be applied in
the field. However, this
exaggerated amount is
necessary to make the model
work more effectively.

Follow-up Suggestions
1. Find out what levels of
various contaminants are
considered safe.
2. Repeat the activity using
sodium nitrate as a
contaminant and test the final
collections with a nitrate test
kit. Baking soda as a
contaminant and
phenolphthalein as a test
indicator also work well.
Resources
Cooperative Extension Service, Iowa State
University. Iowa's Groundwater - A
Valuable Resource. No. Pm 921.
Josephson, J. Restoration of Aquifers.
Environmental Science and Technology.
Vol. 17, No. 8. 1983
Groundwater - A Community Action
Guide. 1984. Available from Concern, Inc.;
1794 Columbia Road NW, Washington,
D.C. 2000J

Copyright e 1988
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M o d e l A q u if e r
fo r
" D . B. Smirch"

clay

aq u ar iu m gravel
h o le w it h
straw sp o u t

p ea gravel

It All Comes ·Out
With the Wash
· Activity in Brief
Students work with a model aquifer to observe the contaminating process.

Objective

Students will discover that surface
contaminants can reach an
underlying aquifer by methods other
than direct vertical leaching.
Site

Classroom
Suggested Time
1 class period
Materials

model aquifers
Koolaide (2 colors)
pin
potting soil
small paper cups

Exploration

Invention

Using the modified model,
students will explore the
contamination of an aquifer.

Students will construct
explanations as to why more than
one contaminant is collected at the
spout.

Application
Think of or find examples of
aquifers which have been
contaminated by substances
deposited great distances from the
identified contamination area.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Using the model aquifer from
the activity D. B. Smirch, add
enough potting soil so that
there is a level layer of soil at
least 1-2 cm above the highest
point in the model. Sprinkle
one color of Koolaide powder
over the spout half of the
model and another Koolaide
color over the other half. Select
colors that will form a unique
third color when mixed. Make
10-15 pin holes in the bottom
of a 4 ounce paper cup for use
as a sprinkler. Place another
cup under the spout to collect
the water as it runs out.
Sprinkle a cupful of water
uniformly over the entire
surface of the soil. When the
water stops flowing from the
spout, change collection cups
and "rain" again. Repeat this
process until the water appears
to have no color. Please note
that each 4 ounces of water
that is poured on the model
represents about 0.7 inches of
rain. The application of the
Koolaide on the model
represents a farm chemical, but
is used in a much greater
quantity than would actually
be applied in the field.
However, this exaggeration is
necessary for the model to
work effectively.
Have students record the
amounts and colors of
collected water on the board.
The task of the students is to
explain how the second
contaminant got into the

aquifer. Suggested questions to
guide student thinking
include: How do you explain
the fact that color "x" came out
of the spout first? How do you
explain that a color that was
not added at all appeared at
the spout? Why do you think
that color "y" did not come out
of the spout at first?

Follow-up Suggestions
1. Find out what methods are
used to deal with flood waters.
2. Determine whether or not
your state allows septic tanks
on flood plains.
Resources
Burmaster, D. E. 'The New Pollution:
Groundwater Contamination."
Environment, March 1982.
McWilliams, L. "Groundwater Pollution in
Wisconsin: A Bumper Crop Yields
Growing Pains." Environment, May
1984.
Pye, V. and Ruth, P. "Groundwater
Contamination in the United States."
Science, Vol. 221, August 19, 1983.
local tilling contractors and water
departments
Copyright © 1988
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Model Aquifer
for
"It All Comes Out With the Wash"

aquarium gravel
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hole with
straw spout

pea gravel

It's A Dirty Strain
Activity in-Brief
Natural materials are tested for their ability to serve as a water filter.

Objective
Students will discover that soil is an
effective filter.
Site
Classroom; outdoor area with access
to soil.
Suggested Time
1 or 2 class periods
Materials
paper cups
glass beakers or baby food
jars
pin
water

Exploration

Invention

Students search for, gather, and
test a variety of natural materials
to determine filtering capabilities.

Students construct a description for
the process of filtration and
discover that soil can be an effective
filter.

Application
Investigate characteristics of soil
that control its ability to filter water
as it passes through to the aquifer.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Students, working in pairs,
start this activity as a
scavenger hunt. Their task is to
find and collect the best
natural filtering material. Place
the filter material in a paper
cup with 20 pin holes in the
bottom for drainage. Set the
cup so that it will drain into a
glass container such as a
beaker or baby food jar. Two
set ups will be needed per pair
since there will be two
mixtures to try and filter. One
mixture will be powdered
carbon in water and the other
will be food coloring and
water. Mix both so that the
coloration is very intense.
When the students try their
filter, have them use 50 ml of
the mixture. They should pass
it through the material only
once. During the Exploration,
it is expected that students will
not consider variables such as
amount of material or rate of
pouring. During the Invention,
these variables may arise when
talking about effective filtering
materials. When developing
the description of a filter, focus
student attention on the
characteristics of the material.
Suggested questions to aid in
the Invention process: What
did the filtering materials have
in common? What
characteristics of"------"
allowed it to separate the
carbon from the water?
Variables such as particle size,
soil type, amount of

compaction, and depth could
be investigated in the
Application.
Informative note: For filtering
coliform bacteria, 1-2 meters of
soil works well, but it takes
830 meters of sand/ gravel to
accomplish the same thing.

Follow-up Suggestions
1. Find out what legal limits
are placed on drilling wells
near cemeteries, feedlots, and
sewage treatment plants.
2. Determine how soil can
filter bacteria and viruses from
water before it reaches an
aquifer.
3. Alter or combine the
scavenger hunt materials to
produce a better filter.
4. Examine what mechanisms
could contribute to more
severe contamination in some
regions than in others.
Resources
Bouwer, H. Groundwater Hydrology:
Mc.{;raw Hill, Inc., New York. 1978.
Extension Service Bulletins on soil and
water purification.
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Rate Your Water
Activity in Brief
Students test groundwater samples for contaminants
and determine how and why they got there.

Objective
Students will learn that tests exist
which can determine the presence
and the amounts of unseen
groundwater contaminants.
Site
Classroom

Suggested Time
2 class periods
Materials
nitrate test kits (high and low range)
state water quality standards for .
nitrate levels

Exploration

Invention

Students are asked to bring water
samples to class to be tested.

Develop hypotheses about how
chemicals get into groundwater.
Suggest explanations as to why
chemical concentrations may vary.

Application
Working in pairs, students will
research a specific chemical
commonly used in homes,
businesses and industries, and/ or
agriculture. Based on findings, each
group will write a letter to the
editor of the local newspaper.

Teacher Notes

Forthe
Teacher
Adapted By:
Joyce Meyers
Bernard Hermanson

For Your Information
Water samples may be
obtained from public water
supplies, private wells, ponds,
streams, and tile outlets. Other
sites may be suggested by the
students. Nitrate testing is
suggested as an easy single
test to illustrate chemical
contamination of water. It is
suggested that both the high
and low range test kits be
utilized if possible.
Much chemical contamination
of groundwater occurs as a
result of application and
improper disposal at the _
surface. An example of
application would be the use
of fertilizers and pesticides on
lawns and gardens. Improper
disposal of chemicals occurs
when waste oil, paint, paint
thinner, etc. are dumped on the
ground or taken to the landfill.
As students are researching
their chemical, suggest that
they investigate the following:
Chemical composition, use,
potential health hazards,
present status as groundwater
contaminant, and ways to
reduce the rate of
contamination by the chemical.
Letters to the editor should
include information about the
use and health hazards of each
chemical and ways to reduce
the potential contamination of
groundwater by the chemical.

Follow-up Suggestions
1. Monitor nitrate levels each
month or seasonally during

the school year to find out if
levels vary.
2. Combine all information
from this activity to produce a
paper for publication in The
Science Teacher or other
similar publication.
Resources
Local Soil Conservation District
Hach Chemical Company
Water testing labs
Federal and state standards for
groundwater contaminants.
Cooperative Extension Service, Iowa State
University.
Environment '87 • Groundwater
Contamination. GWl through GWlO.
Outlook activity ''Surface Nitrates"
Copyright <O 1988
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Contamination Rummy
Activity in Brief
Students play a card game related to point/nonpoint source pollution.

Objective
Students discover the difficulty of
identifying nonpoint sources of
pollution.
Site
Classroom
Suggested Time
1 class period
Materials
1 deck of Animal Rummy cards for
every 5-7 students
set of labels (type that peel off easily
once they have been attached)
marking pens

Exploration

Invention

Student groups will play
Contamination Rummy, the point
of which is to receive a low score.
This score is obtained by counting
the points of the cards each
player holds when the game is
over. Only the cards whose
source is not identified will be
counted.

In small groups, students will
discuss the difficulty of identifying
the original sources of the cards and
determine whether or not methods
can be devised to identify these
sources in order to obtain fewer
points when playing the game.

Application
Identify some nonpoint pollution
sources and construct schemes for
controlling their effect.

Teacher Notes

Forthe
Teacher
Created By:
Joyce Meyers
Bernard Hermanson

For Your Information
Try to have groups large
enough so that the cards in the
discard pile get reused in the
draw pile many times. With a
deck having eleven books of
four cards, five players work
well. The key is to make sure
the cards are shuffled often.
Right after the cards are dealt,
stop each Rummy game to
change the rules slightly. Each
player should add a small
blank label to the face of each
of their cards. Identify one
player per group to mark their
labels using a marking pen.
The Rummy games can then
be finished following regular
instructions. When it comes
time to tally points, only those
cards and books for which the
original holder is not known
need to be tallied (i.e., the ones
with blank labels). The object
is to obtain the lowest score.
The cards marked with
marking pen represent point
pollution sources which are
easy to identify. The other
cards represent nonpoint
pollution sources which are
difficult to identify. Scoring
rules should not be discussed
until one full game has been
completed.
During the discussion in the
Invention, correlations can be
drawn between identifying
point sources of contamination
and nonpoint sources of
contamination. Points will be
tallied only for those cards
which are unmarked. Trying to

obtain the fewest points
possible, the students will
discover how hard it can be to
find sources of nonpoint
pollution. Some concurrent
problems with law
enforcement may be discussed.
Encourage students to include
both urban and rural problems
when doing the Application.

Follow-up Suggestions
Collect newspaper articles
about water contamination
and attempt to categorize the
articles in terms of
point/nonpoint pollution
sources.
Resources
newspapers
Cooperative Extension Service, Iowa State
University. Iowa Agriculture and Water
Quality. No. Pm 901a through Pm 901j.
August 1980.
University of Wisconsin Extension.
Nonpoint Source Pollution-Land Use and
Water Quality. No. G3025
Other extension service bulletins
Copyright © 1988
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Whodunit?
Activity in Brief
A court of law simulation attempting to determine the
source of contamination of a water supply.

Objective
Students realize the difficulty in
providing legal proof of the source of
groundwater contamination.
Site
Classroom

Exploration

Invention

Generally research environmental
and health problems associated
with the overuse of hazardous
chemicals which may gain access
to ground water.

Identify those persons who would
most likely be involved in a jury
trial focused on this problem.
Assign roles to be played and
research those roles.

Application
Suggested Time
3 or more class periods
Materials
resource information

Conduct a tri<;1l.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
A sample situation follows:
Two adjoining farms of 520 and
560 acres respectively are
located in a karst region with a
shallow aquifer. The 520 acre
farm borders the 560 acre farm
to the north.
The aquifer flows from the
northeast to the southwest.
Sinkholes can be found on both
farms within tillage areas.
Water testing by the State Board
of Health shows nitrate and
pesticide levels above
acceptable limits. Cattle on the
560 acre farm show signs of
weight loss and general poor
health. The farmer believes this
is due to contamination of the
groundwater supplying his
stock well. He blames his
neighbor to the north, claiming
his overuse of farm chemicals
has contaminated the water
supply.
Consider the following
characters:
Farmer Brown: Angry at
potential loss of cattle and
subsequent loss of income.
Angry at alleged source of
contamination (Farmer Smith's
farming practices).
Farmer Smith: Defensive, there
is no proof that he is liable. He
is sympathetic to Brown's
situation, but definitely not
admitting fault.
Brown's Lawyer: Attempting to
demonstrate that Smith's farm
is the source of contamination,
and therefore, the source of the

cattle's illness.
Smith's Lawyer: Attempting
to demonstrate that the
contamination could have
come from sources other than
Smith's land, possibly even
Brown's.
Witnesses for Brown: An
expert geologist to show the
connection between sinkholes
on Smith's farm and the
aquifer from which water for
Brown's livestock is drawn; a
veterinarian to provide
information on effects of
nitrate and pesticide
consumption by livestock;
farmers' cooperative clerk to
-document the amount of
fertilizer and pesticide
purchased by Smith prior to
the planting season; water
analysis expert from the state
lab to testify about accuracy of
water testing done on site.
Witnesses for Smith: An
expert geologist to show other
possible sinkhole connections
with Brown's livestock well;
farmers' cooperative clerk to
document the amount of
fertilizer and pesticide
purchased by others in the
aquifer area, including Brown;
water analysis expert from
state lab to demonstrate the
inability to identify the source
of nitrates and pesticides by
analysis; neighbors to testify
about Smith's farming
practices.
Judge: Will referee the
proceedings so that the two
lawyers and their clients

receive a fair and impartial
hearing. Will see that lawyers
abstain from badgering or
using conjecture or placing
words into the mouths of
witnesses. Will instruct jurors
that the defendant is legally
innocent and must be proved
guilty by the plaintiffs lawyer
beyond a reasonable doubt.
Jurors: Will listen carefully to
all testimony, avoiding personal
bias, interact with other jurors
during deliberation, and vote
on the basis of the information
presented. Select a foreman
whose job it is to conduct
deliberations and present the
findings of the jury.
These are suggested roles to be
used in the simulation, and
may be changed to suit
individual needs. Possible roles
that could be added might
include a Soil Conservation
Service District conservationist
and a representative from the
local extension service. When
considering students to assume
these roles, try to avoid
assigning the more demanding '
roles to your most active and
high achieving students. It may
be that those who do not
always do well in classroom
situations would be successful
in an activity such as this.
You may wish to create a
similar situation involving
contamination from an urban
source.

Follow-up Suggestions
1. Have a specialist speak to the

Whodunit?

class about the problems of
identifying sources of water
contamination.
2. Have a specialist speak to
the class on the effects of water
contamination on human
health.
Resources
local veterinarian
Iowa State Extension Special Report #34,
The Nitrate Problem.
University of Wisconsin Extension.
Nitrate, Groundwater, and Livestock
Health, G3217
Soil Conservation Service representative
local lawyers
extension specialists
water testing personnel
Copyright e 1988
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Old Home Place
(Modern Pioneers)
Activity in Brief
Students research and design model farms.

Objective
Students will create a farm designed
so that its contributions to
groundwater contamination are
minimal.
Site
Classroom; field trips; will vary
Materials
tag board
markers
paper
resource materials
copies of topographic map sections
included in this activity.

Exploration

Invention

Students will explore truck
garden or farm management
practices (including integrated
pestmanagement,energy
conservation, conservation tillage,
etc.).

Design individual farms or truck
gardens that use practices
providing for reduction of potential
groundwater contamination.

Application
Students locate the three sections
adjoining theirs. Working together,
they will implement practices that
will reduce the potential for
groundwater contamination.

Teacher Notes

Forthe
Teacher
Created By:
Bernard Hermanson
Joyce Meyers

For Your Information
Have your students research
modem farming practices.
Depending on location, this
may include films, information
included with these materials,
information obtained from the
library, extension services or
Soil Conservation District,
interviews with local farmers,
field trips to conservation
oriented farms, guest speakers
with slides, etc. Several
different methods for gaining
insight into farm management
are a must for most students.
After this information has been
reviewed, give students one of
the graphed farm sections, on
which they will design their
farms. Make sure each student
provides a location for digging
a well as a major source of
drinking water, as well as
locations for barn and
livestock facilities, septic tank,
house fuel storage, and
garden. Students need to grow
a crop of their choice, run a
dairy farm or livestock range,
have a truck garden, or any
combination of the above. This
activity may need to be
adapted for regional
differences in farm practices.
The type of geological setting
in which the students' farms
will be located should be
decided ahead of time. You
may wish to choose from the
following settings: A deep
limestone aquifer, a shallow
limestone aquifer, or a shallow
gravel aquifer. The most

serious groundwater
contamination problems occur
in areas with shallow aquifers.
You may want to keep this in
mind when choosing farm
settings. Always assume that
your aquifer follows the
general topography of the
area.
During the Application,
students need to form groups
of four. If their farm is a #2, for
instance, they need to find
others that are numbered 1, 3,
and 4 to form landscapes that
fit together. Their job now is to
decide if their placement of
buildings, wells, etc. will affect
or pollute their neighbors' land
or water. Are there any
changes or adjustments they
need to make to reduce
potential contamination?
Map legend:
Contour interval=lO feet
marsh areas= 1
each section=640 acres
stream elevation=875 feet
above sea level
intermittent streams- ...... - •·····

J/,

Follow-up Suggestions
1. Go on a picture safari to
photograph examples of
outstanding farm practices in
your area. Design a display of
your photos for your room,
library, back to school night,
shopping center, bank lobby,
etc.
2. Make a 3-D model of the
four combined properties.

Resources
Local agri-business personnel
area farmers
Soil Conservation District
Extension Service Specialist
Copyright (i;) 1988
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Agricultural Energy
Management
Activity in Brief
As a result of studying best management practices,

students construct a public display.
Objective
Students will discover agricultural
energy conservation as a consequence
of best management practices.
Site
Classroom; public area (shopping
center, library, etc.)
Suggested time
3 or more class periods
Materials
resources on best management
practices
will vary with student ideas ·

Exploration

Invention

Students will study and discuss
literature related to best
management practices (BMP's).

Students will decide how best
management practices contribute to
agricultural energy conservation.

Application
Students will construct a public
display depicting best management
practices.

Teacher Notes

Forthe
Teacher
Created By:
David McCalley
Kathy McKee
.J
Cathy Wilson ......_......-.=..~
2 -=~~=--

For Your Information
Students are asked to read
literature describing BMP's.
BMP's include conservation
tillage, proper fertilizer and
pesticide application, soil
testing, integrated pest
management, etc.
Conservation tillage aids
energy conservation by
reducing the number of passes
through fields and reducing
soil erosion. Nitrogen
fertilizers are manufactured
from natural gas and most
pesticides use petroleum
distillates as carriers.
Therefore, proper application
will conserve valuable energy
related natural resources.
One other activity in the
groundwater module (Public
Puzzle) has the construction of
a public display as the
Application. These two
Applications may be combined
to form a single display.

Follow-up Suggestions
1. Calculate the amount of
energy saved by reducing the
number of times a farmer tills
his fields during the year. (See
Estimating Farm Fuel
Requirements included with
this activity.)
2. Demonstrate how current
agricultural practices would
need to change in order to
properly implement BMP's.
Resources
The Fertilizer Institute. Best Management

Practices. Available from The Fertilizer
Institute, 1015 Eighteenth Street N.W.,
Washington, D.C. 20036.
Krivak, J. "Best Management Practices to
Control Nonpoint Source Pollution From
Agriculture." Journal of Soil and Water
Conservation. July/ August 1978.
local farmers
extension specialists
Copyright (f) 1988 by the
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ESTIMATING FARM FUEL
REQUIREMENTS
for Crop Production and Livestock Operations
diesel fuel, or LP gas you will need to grow your
next crop and maintain your livestock program.
Here's an example of how you can use the Iowa
fuel use tables for next year's crop planning.
Consider a 480-acre Corn Belt farm. The operator
plans to plant 240 acres of corn, 160 acres of
soybeans, and wants to raise 800 market hogs. The
field crop operations are performed mostly with his
diesel-engine tractors and combines; the livestock
chore jobs are done with a gasoline-burning tractor.
From the table, 6.85 gallons of diesel fuel are
needed to grow an acre of corn; 6.5 gallons of
diesel fuel will produce an acre of soybeans. So,
Corn-6.85 gal/ax 240a planned= 1,644 gallons
diesel fuel
Soybeans-6.50 gal/ a x 160a planned = 1,040
gallons diesel fuel

Federal energy experts estimate that 3 to 4
percent of the energy consumed in the United
States is required by American agriculture to
produce the nation's food and fiber. With the
energy supply problems facing our country, every
producer should use farm fuels efficiently and be
able to adjust to possible reduced supplies.
If shortages become critical, you may be
required to apply for a fuel allotment. While you
may have all of your gas tickets from the past crop
season, would you be able to distinguish what fuel
had been used for which crop and how much
might have gone to provide mechanization for
your livestock operations?

How to Estimate
Your Farm Fuel Requirements
By using the Iowa fuel use tables and good
judgment, you can estimate the gallons of gasoline,

Estimated Annual Requirement=2,684
gallons diesel fuel

Estimates of Fuel Burned for
Crop and Livestock Production Operations Under Average Conditions
Crop Production
Cropping system
Corn--mnventional methods
Corn-plowing with minimum tillage raianting
Corn-no plowing, minimum tillaft p antinfa
Corn harvested and stored as who e-plant si age
Conventional methods
Plowing with minimum tillage
No plowing, minimum tillage
Soybeans-conventional methods
Small grains-oats, barley, rye, wheat
Small grains-with plowing
Hay-dry cured, 3 cuttings, baled
Haylage-3 cuttings or dry cho:p~d
Usmg combined~ cutting wit self-propelled
cut, crush, win row
Hay-3 cuttings
Haylage-3 cuttings

.

Gallons per acre
Diesel
fuel
6.85
5.40
4.30

LP rs
1 .4
9.0
7.2

12.0
10.0
8.5
9.0
4.25
6.5
12.0
18.0

8.65
7.20
6.10
6.50
3.00
4.70
8.65
13.00

14.4
12.0
10.2
10.8
5.1
7.8
14.4
21.6

7.2
13.2

5.20
9.50

8.6
15.8

Gasoline
9.5
7.5
6.0

Corn drying-with favorable drying conditions--1 gal. propane will dry 7 bu. corn
-with good drying conditions--1 gal. propane will dry 6 bu. corn
-with unfavorable drying conditions-1 gal. propane will dry 5 bu. com
Reviewed for reprinting by Erdal Ozkan, Extension agricultural
engineer.

Cooperative Extension Service
Iowa State University
Arm Iowa SOOll
Pm-587 I Revi9ed I Much I 9115

Publ ic Puzz le
Activity in Brief
Students assemble a puzzle and a public information program.

Objective

Students will learn that without
proper information, unified group
action on a topic is difficult.
Site

Exploration

Invention

Students, working in small
groups, will assemble puzzles.

Students will associate the difficulty
in assembling the puzzles with that
encountered when working toward
unified group action.

Classroom; public display area
(shopping center, library, etc.)

Application

Suggested time

Students will, as a group, assemble
a public information display.

.

3 or more class periods
Materials
1 jigsaw puzzle per group
various materials for making display
(will vary with student ideas)

Teacher Notes

Forthe
Teacher
Created By:
Joyce Meyers
Bernard Hermanson

For Your Information
Use small groups of 3 to 5
students. Purchase some
inexpensive puzzles. These
puzzles should contain about
100 pieces each, and be of
different designs. (Look for
those which may best fit the
theme of this module). You
will need one puzzle for each
group. Before giving out the
puzzles, mix up the pieces so
that each box has some pieces
from each puzzle. As the
puzzle making begins,
students will find some pieces
that fit together, but major
problems in completing the
puzzle will occur.
As students look around the
room they will begin to
discover that other groups
have their needed pieces. As
puzzles are completed, stop
the activity for group
discussion. Questions to ask
might include: Why were
complete pictures so difficult
to assemble? What methods
did you use to solve your
problem? How does the
problem you encountered
while trying to put your
puzzle together resemble
problems associated with
protecting the groundwater?
Why are groundwater
problems difficult to solve?
What are the benefits of
having correct information
when solving the "big picture"
concerning groundwater
problems?
The responsibility of education

is not only to educate in the
classroom, but in the
community as well. Your
students have become
informed citizens about
groundwater contamination.
Therefore, in small groups or
as a class project, choose
methods the class might use to
educate their community.
Methods could include a
display of art work, student
designed handouts, a panel
discussion, or a guest speaker
sponsored by your class. The
idea is to have the students use
knowledge they have gained
to teach others. Places for these
public sessions could include
school open house, parentteacher conferences, libraries,
bank lobbies, churches, scout
groups, 4-H groups, museums,
shopping malls, or science
fairs. Special care needs to be
taken not to place the blame
directly on any groups or
individuals since the major
purpose is to inform and
educate the public.

Follow-up Suggestions
1. Attend city and/ or county
meetings on water problems,
land use, etc.
2. Have a guest speaker
discuss major health problems
involved with consumption of
contaminated water.
3. Find out what investments
local businesses have made to
cut down on water

contamination in your
community.
Resources
Use background information obtained in
previous activities.
Copyright e 1988
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GLOSSARY
Absorption - to suck up or take up, for example sponges taking up water, roots
taking in water.
Adsorption - the adhesion of a thin layer of molecules to the surface of solids or
liquids with which they come into contact.
Agricultural Drainage Wells - field drainage wells that farmers began putting
down nearly a century ago to drain swampy
areas which allow surface water and water from
field tiles to fall 20 to 30 feet beneath the ground.
Aquifer - a permeable geologic formation that stores and transmits significant
quantities of water.
Aquitard - soil and rock formation of low hydrologic activity.
Assimilative Capacity - natural ability of surface water to accept (utilize)
potential pollutants without harmful effects (without
impairing beneficial use).
Available Nitrogen - form of nitrogen which is immediately available for plant
growth (N03-) or (N04-).
Available Nutrient - that portion of any element or compound in the soil that
can be readily absorbed and assimilated by growing plants.
Bedrock - the continuous solid rock of the continental crust.
Best Management Practices - practices that have been determined to be the most
effective, practical means of preventing or
reducing pollution from nonpoint sources.
Cohesion - attractive force which holds two particles together.

Coliform Bacteria - a group of bacteria predominantly inhabiting the intestines
of humans and animals, but also found in soil. While
harmless themselves, coliform bacteria are commonly used
as indicators of the possible presence of pathogenic
organisms.
Condensation - reduction to a denser form (as from steam to water).
Confined (Artesian) Aquifer - an aquifer which is overlain by impermeable
strata (confining beds).
Contour Fanning - farming sloping land in such a way that plowing, preparing
land, planting, and cultivating are done on a nearly level
path across the slope.
Conventional Tillage - those tillage operations which are considered standard
for the specific location and crop and tend to bury the
crop residues. It is usually used as a base for determining
the cost effectiveness of control practices.
Cost Effectiveness - a term used to compare alternatives on the basis of cost
(inputs) per unit of benefits (outputs), such as dollars per
unit of pollutant load reduction.
Denitrification - the process by which nitrates or nitrites in the soil or organic
deposits are converted to gaseous forms of nitrogen.
Desorption - the removal of sorbed ions or compounds from surface solids.
Dissolved Minerals - minerals (salts included) that are in solution in water.
Dissolved Oxygen - oxygen dissolved in water and readily available to aquatic
organisms. It is usually expressed in milligrams per liter or
as the percent of saturation.
Dolomite - a type of rock (calcium magnesium carbonate) or a common rock
forming mineral. Often rocks referred to as limestone are actually
dolomite.

Effluent - the discharge of a pollutant, or pollutants, in a liquid form from a
containing space.
Eutrophication - natural or artificial process of nutrient enrichment whereby a
body of water becomes filled with aquatic plants and low in
oxygen content.
Evaporation - the process by which liquid passes off into vapor or invisible
minute particles.
Evapotranspiration - combination of evaporation and transpiration of water into
the atmosphere from living plants and soil. (A plastic bag
tied over a plant will illustrate this.)
Fungicides - chemicals used to destroy fungi. ·
Groundwater- the subsurface water supply in the saturated zone below the
water table.
Herbicides - chemicals used to kill undesirable vegetation.
Hydraulic Gradient - the ratio of the difference of water height to the horizontal
distance traveled, i.e., the slope of the water table.
I

Hydraulic Head - the pressure exerted by a fluid at a given depth beneath its
surface. It is proportional to the height of the fluid's surface
above the area where the pressure is measured.
Hydrologic Cycle - the continuous process involving the circulation of water in
oceans to the atmosphere to the land and back to the sea.
Impervious Rock - layer of rock generally considered under normal situations to
be incapable of being penetrated.
Infiltration - downward flow or seepage of water through the pores or spaces in
rock or soil.

Inorganic Chemicals - compounds that generally do not contain carbon and are
derived from mineral sources.
Insecticides - chemicals used to kill insects.
Laminar Flow - a flow pattern in which particle paths are straight or gently
curved and parallel (see turbulent flow).
Leachate - the soluable product obtained from the action of percolating liquid on
the soil.
Leaching - the removal of salts and other materials from the soil by water
movement through the soil profile.
Limestone - a sedimentary rock consisting chiefly of the mineral calcite (calcium
carbonate).
Managerial Controls - control measures which involve changes in timing,
chemical application rates, or tillage systems for the
purpose of reducing the loss of pollutants.
Maximum Contaminant Level (MCL) - the upper limit allowable for pollutants
in drinking water, above which the
water is considered unsafe for
consumption.
Mineralization - the microbial conversion of an element from an organic to an
inorganic state.
Nitrification - the biochemical transformation of ammonium to nitrite and
thence to nitrate.
Nitrogen Fixation - the biological or chemical process by which elemental
nitrogen is converted to organic or available nitrogen.
No Till - a management practice of planting a crop without prior seedbed
preparation, into an existing cover crop, sod or crop residue and
eliminating subsequent tilling operations.

Nonpoint Source Pollution (NPS) - a contaminant that cannot be traced to one
source, but rather comes from many
different, nonspecific sources.
Organic Chemicals - chemical compound of carbon. Historically, organic
compounds were those obtained from vegetable or animal
sources. Today, many organic chemicals are synthesized by
humans in laboratories.
Parts Per Million (PPM) - a common basis of reporting water analysis. One part
per million equals one pound per million pounds of
water.
Pathogens - disease-causing organisms.
Percolation - the downward movement of water through the soil.
Permeability - the ability of a formation to transmit groundwater or other fluids
through pores or cracks.
Pesticides - chemical substances used to kill or control pests such as weeds,
insects, algae, rodents, and other undesirable agents. As used in
many references, it includes herbicides, insecticides, miticides,
nematocides, rodenticides, fungicides, plant growth regulators, and
desiccants.
Point Source Pollution - a contaminant that can be traced to an original source.
Porosity - the percentage of the total volume of a given body of rock that is pore
space.
Potable - drinkable.
Precipitation - a deposit on the earth of rain, hail, mist, sleet or snow; also the
quantity of deposit.

Primary Drinking Water Pollutants - the drinking water contaminants for
which there are enforceable effluent
discharge standards under the Clean
Water Act.
Recharge - the replenishment of groundwater by infiltration of atmospheric
water (precipitation) through the soil.
Rill - the process which forms small, well-defined incisions in the land surface
less than thirty centimeters in depth.
Rodenticides - chemicals used to kill rodents.
Saturated Zone - the subsurface zone in which all openings or pore spaces are
filled with water.
Seepage - the percolation of water through the soil from unlined canals, ditches,
laterals, watercourses, or water storage facilities.
Silt - soil particles between 0.05 and 0.002 mm in equivalent diameter.
Sinkhole - a natural depression in a land surface, generally occuring in
limestone regions and formed by solution or by the collapse of a
cavern roof.
Spring - a flow of groundwater emerging naturally at the surface of the ground.
Surface Water - all water on the surface of the earth, including snow and ice.

Synergism - the simultaneous action of separate agents which, together, have a
greater total effect than the sum of their individual effects.
Total Dissolved Solids - the total amount, in milligrams, of solid material
dissolved in one liter of water.
Transpiration - direct transfer of water from leaves of living plants to the
atmosphere.

Trickle Irrigation - an irrigation method in which water drips to the soil from
perforated tubing or emitters.
Turbulent Flow - a high velocity flow in which streamlines are neither parallel
nor straight but curled into small, tight eddies (the opposite of
laminar flow).
Unconfined Aquifer- an aquifer that contains water under atmospheric
pressure. Not overlain by impermeable stratum, the
water level in the aquifer may rise or fall according to the
volume of water stored, a variable dependent upon
seasonal cycles of natural recharge.
Water Table - the level below which the soil or rock is saturated with water,
sometimes referred to as the upper surface of the saturated zone.
Zone of Aeration - area between the ground surface and the water table.

EPA MAXIMUM CONTAMINANT LEVELS (MCL)
SUBSTANCE
arsenic
barium
cadmium
chromium
fluoride
lead
mercury .
nitrate
selenium
silver
endrin
lindane
methoxychlor
toxaphene
2,4-D herbicide
2,4,5-T silvex
trihalomethanes
radium 226, 228
gross alpha particle activity
beta and photon particle activity

CONCENTRATION (PPB)
50
1,000
10
50
1,400-2,400
50
2
10,000
10
50
0.2
4
100

5
100
10
100
5 picocuries/liter
15 picocuries/liter
4 millirems annual

COMMENTS
carcinogenic, toxic
toxic
carcinogenic, toxic, bioaccumulates
toxic, carcinogenic, causes ulcers
causes fluorosis
toxic, bioaccumulates
toxic
toxic
toxic, linked with dental caries
toxic
toxic, carcinogenic
suspected carcinogen
toxic
toxic
possibly carcinogenic
possibly carcinogenic
some are carcinogenic
cause tissue and genetic damage
causes tissue and genetic damage
cause tissue and genetic damage

EPA SUGGESTED NO ADVERSE RESPONSE LEVELS (SNARL)
SUBSTANCE
trichlorethylene
tetrachloroethylene
1, 1, 1-trichloroethane
1,2-dichlorethane
dichloromethane (methylene chloride)
1, 1-dichlorethylene (vinylidene chloride)
cis-1,2-dichlorethylene
trans-1,2-dichloroethylene
xylenes (dimethylbenzenes)
ethylene glycol
n-hexane
methyl ethyl ketone

LONG-TERM
CONCENTRATION (PPB)

75
20
1,000
insufficient data
150
70
insufficient data
insufficient data
620
5,500
insufficient data
insufficient data

COMMENTS
carcinogenic in animals
carcinogenic in animals
carcinogenic in animals
carcinogenic in animals
toxic
unestablished hazards, toxic
unestablished hazards, toxic
unestablished hazards, toxic
unestablished hazards, toxic
toxic
unestablished hazards
unestablished hazards, toxic

SOME AS YET UNREGULATED SYNTHETIC ORGANIC CHEMICALS
SUBSTANCE
benzene
vinyl chloride
alpha-hexachlorocyclohexane
carbon tetrachloride
1,4-dioxane
1, 1,2-trichlorethane
1,1,-dichloroethane
parathion
beta-hexachlorocyclohexane
bis(2-ethylhexyl) phthalate
butylbenzyl phthalate
di-n-butyl phthalate
cyclohexane
isopropyl benzene
toluene
trifluorotrichloroethane
acetone

CONCENTRATION
FOUND (PPB)
230
50
6
400
2,100
20

7
4.6
3.8
170
38
470
540
290
260
135
3,000

COMMENTS
carcinogenic
carcinogenic
carcinogenic in animals
carcinogenic in animals
carcinogenic in animals
carcinogenic in animals
suggested carcinogen in animals
suggested carcinogen in animals
unestablished hazards
unestablished hazards
unestablished hazards
unestablished hazards
unestablished hazards, toxic
unestablished hazards
unestablished hazards , toxic
unestablished hazards
unestablished hazards, toxic

Hazardous Waste in Your Home
Here's what you
should do!
University of Wisconsin-Madison
COOPERATIVE EXTENSION SERVICE

What is a Hazard?

~

When you care for yourself, your home, your gardens, and
your machines, you use many chemical products. Research
sponsored by the U.S. Environmental Protection Agency shows
that some of these products contain hazardous chemicals. The
E.P.A. defines a hazardous substance as a "dangerous" substance
which may harm human health or the environment. To be
included in the E.P.A.'s hazardous category, the substance must
meet certain standards during accepted scientific tests which
show that it is TOXIC, IGNITABLE, CORROSIVE Oikely to eat
through its container or your pipes), or REACTIVE (may explode
during routine handling).

•
•

•
•
•
•

When is it Hazardous?
If used according to label directions, most household
products are not hazardous. They may become hazardous if you
use them improperly, store them improperly, or dispose of
unused products improperly.
IMPROPER USE may cause toxic health effects. IMPROPER
STORAGE may allow chemicals to leak into the environment
causing dangerous chemical reactions, toxic health effects, or
environmental pollution. IMPROPER DISPOSAL allows these
dangerous chemicals to enter directly into the enviro1,ment
through waterways or groundwater. These chemicals can pollute
drinking water, kill wildlife, and accumulate in foods such as fish
and ducks.

Who to Call

•
•

Read the product label. Follow use directions carefully.
Watch out for SIGNAL WORDS, such as CAUTION,
WARNING, OR DANGER.
U.S. Product Safety Commission requires the use of these
words on products which are toxic in small amounts. Keep
all of these products away from children!
Buy just enough product to do the job.
Look for a non-hazardous or less hazardous product to
perform each job.
Return used motor oil to the waste oil collection site in your
county.
Properly dispose of leftover products.
SEE CHART ON REVERSE SIDE FOR
DISPOSAL RECOMMENDATIONS
Keep leftover products in original containers.
Share unused products.

Don'ts
•
•
•
•
•

Do not DUMP leftover products in the backyard or down the
storm sewer.
Do not BURN leftover products.
Do not BURY leftover products.
Do not REUSE pesticide or other chemical containers for
other purposes.
Do not MIX chemical wastes.

Poison Information Centers

County Public Health Department, County Solid Waste
Department, County Cooperative Extension Office: Contact
your county courthouse.

Madison - (608) 262-3702
Milwaukee- (414) 931-4114
Green Bay- (414) 433-8100
Eau Oaire- (715) 835-1515
La Crosse - (608) 784-3971

Chemical Referral Center: 1-800-CMA-8200. This number of
sponsored by the Chemical Manufacturer's Association. This
number will refer you to a specific manufacturer for answers
about product questions.

Department of Natural Resources District Offices

U.S. Consumer Product Safety Commission: 1-800-638-2772.
This number will provide information on product labeling.

Southern District (Madison)
(608) 275-3266
Southeast District (Milwaukee)
(414) 562-9500

Consumer Protection: Wisconsin Department of Agriculture,
Trade, and Consumer Protection (608) 266-7222.
Department of Industry, Labor, and Human Relations, Bureau
of Plumbing (608) 266-3815.

Lake Michigan District (Green Bay)
(414) 497-4040
West Central District (Eau Claire)
(715) 839-3700
North Central District (Rhinelander)
(715) 362-7616
Northwest District (Spooner)
(715) 635-2101

DISPOSAL TIPS ON OTHER SIDE

Home Product Disposal Guide

Meaning of Symbols:
• Weekly trash collection to clay-lined municipal landfill
or incinerator. Avoid old or un-lined dump• if poaaible.

Symbols following product type represent
first, second, and third disposal choices.
sign symbolizes beat PRODUCT disposal choice.
Second aign aymbolizes beat action if other option ie not
Flr■ t

feaaible.

Third eign indicates how an EMPTY container ehould
be diepoeed.
a. Uae up product.
b. RinH container if water soluble or euaporate

remaining eolvents if feasible
(open air, away from flame or pets).
c. Use rinae water.
This review is based on products commonly available in
Wisconsin and best available information about their
contents as of July 1986. If you have any doubt about an
acceptable diaposal procedure contact your local authority.

[!) Weekly trash collection with •p•cial wrapping. Wrap
container in abeorbant material euch u newapaper ~nd
cover with a plaetic bag.

f

Evaporate email amounta of aolventa if feasible (open
air, away from flame or pet,). If not feaeibte, uae
or
l!l.

l

Pour down drain with plenty of water. Appropriate for
any household drain.

*

C+ Share with a neighbor or recycling facility . For help in
finding a waste oil or battery recycling facility call one
of the local officials listed on reverse aide.
* Community household hazardous waste collection
program. Encourage your community to sponsor a
collection program.

"'•,o .,...,.o

~1'

+o_,o +o.,o ~~

cosmetics (large quantities) .

C+

detergent ..

C+

spot remover {with chlorinated solvent) ..

C+

dry cleaning fluids .._..

*

alcohol based lotions {after shave,
perfume, etc.) .

f

.
••
•'
f
f

•
•

•• ••

septic tank degreaser - DO NOT USE
{with chlorinated solvent)

Motor

nail polish . . . . . . . . . . . . . . . . . . . . . .

C+ [!) •

old car batteries .

C+

moth balls

C+

shoe polish .
l'l:1111

and Yllnl t

f •
f •
f •

· .11· t ·

herbicides/weed killers

. c..3

q

degreasing chemicals
{carburetor cleaner, etc.) ....... .. . . . . .. C+
C+
auto body repair products .

C+ •

. . . . . . . . . . . . . . . . . . . . . . . C+ *

•
[!)

severely toxic pesticides - DO NOT USE* [!) [!)
Aldrin, Chlordane, DBCP, DDT, Dieldrin,
Endrin,Heptachlor, Kepone, Lindane,
Mirex, Silvex, Toxaphene, 2,4,6T {Silvex
and 2,4,6-T may not be accepted by your
community collection program)
( ' ur,•

rat or mouse poison - arsenic based ..... C+ * [!)
C+ • •
rat or mouse poison - warfarin based
drain cleaner

. . . . . . . . . . C+

abrasive cleaners .

C+

disinfectants {household quantities) . .... . C+

[!)

*

n/a

f'

[!)

fl [!)

C+

fl e

other leftov.,r fuels .

r3

...

--+ .A.

[!)

C+

f •
fl e
f •
f •

wood preservative {pentachlorophenol)

*

[!) •

solvents, thinner, turpentine . .

C+

paint or finish removers

C+

f' •
f' •

glue {solvent based) .

C+ *
C+

l
l
l
f

•
•
•
•

old paint (lead free)

*
C+

old paint (latex)

C+

stains .

Hobbit•h

C+ [!) [!)

pet flea collars

C+ [!) [!)

flea sprays
ammunition

local police or fire department
C+

f1

•

C+
C+

t'
f

mercury battery {D cell and smaller)

00

•

•
•

-photographic chemicals {unmixed) .

C+ *
C+

C+
C+ [!)'.

artist paints/solvents
gun cleaning solvent

hardwood floor cleaners

C+
C+ • •

lighter fluid

*•

bleach .

. C+ • •

ammonia based cleaner .
aerosal cans 2.
oven cleaners {lye based)
toilet bowl cleaner .

C+ f [!)
C+ [!) •

photo chemicals (mixed and diluted) .

C+ • •

acids .

window cleaner

... . C+ [!) •

tub and tile cleaner

... . C+[!)•

mildew cleaner {fungicide) ..

..... .. C+*[!)

rug and upholstery cleaner
{solvent based) .

C+

detergent based upholMtery cleaners
air freshener (solid) 2 ..

C+ • •
C+ f [!)

f' •

. C+ • •

•

••

glue (water based)

furniture polish or wax
silver/copper polish

dish detergent

*

car wax {solvent-based)

old paint (lead base) .
....... ...

fungicide

I I oust•

used brake or transmission fluid .

llom,• Ht'pu ir

insecticides
fertilizer .

•

c..3 * [!)
C+ f4 [!)
C+ ., •

gasoline

medicine {expired)

C+

d>

f

und Vd,id<· Cur~

waste motor oil
old antifreeze {2 gallons or less) .

nail polish remover

~

smoke detectors, radioactive {low level)
- return to manufacturer

C+
• [!) •

permanent lotions ..

~

*

•

swimming pool chemicals.{undiluted) .

I May be acceptable in your community

C+ *
C+ *

*,

n/a

•
•
•

call for
information.
2 Incinerators may have 1pecial diapoeal rulea .
Some collection pro,rama may not accept aer081lla.
Product componenta vary widely in hazard content.
Some 'aerosal product, may not include hazardoue
componenta, but aU 1hould be diapo■ed of with care.
3 Locate local oil recycling facility.
4 Let 1ludge settle, uee remaining gu or evapora!A! if in
very email quantitiea .
5 Locate local battery recycllna pouibilitiea.

•

Hazardous Household Products
PRODUCT TYPE

HOUSEHOLD PRODUCTS
POSSIBLE
POTENTIAL HAZARDS
INGREDIENTS

Asphalt/
Roofing Tar

Petroleum solvents

-Associated with skin and lung cancer;
irritant to skin, eyes, nose, lungs;
entry into lung may cause fatal
pulmonary edema (excess fluid in lung
tissues).

Batteries

Mercuric oxide
(in mercury batteries)

-Ingestion may be fatal.

Bleach

Sodium hypochlorite

-Corrosive, irritates or burns skin,
eyes, respiratory tract; may cause
pulmonary edema or vomiting and coma if
ingested; contact with other chemicals
may cause chlorine or chloramine fumes .

Disinfectants

Sodium hypochlorite

-Corrosive, irritates or burns skin,
eyes, respiratory tract; may cause
pulmonary edema or vomiting and coma if
ingested.
-Flammable; very toxic; respiratory;
circulatory or cardiac damage
-Vapor irritating to eyes, respiratory
tract and skin; possible chronic
irritation

Phenol
Ammonia

Drain Cleaner

Sodium or potassium
hydroxide
Hydrochloric acid
Trichloroethane

Flea Powder

Carbary!

Dichlorophene

Chlordane and other
chlorinated hydrocarbons
Floor
Cleaner/
Wax

Diethylene Glycol
Petroleum Solvents
Ammonia

-Caustic; irritant; inhibits reflexes;
burns to skin, eyes; poisonous if
swallowed due to severe tissue damage.
-Corrosive, irritant; damage to kidney,
liver and digestive system.
-Irritant to nose and eyes; central
nervous system depression; liver and
kidney damage if ingested
-Very toxic; interferes with human
nervous system; may cause skin, respiratory system, cardiovascular
system damage
-Skin irritation; may damage liver,
kidney, spleen and central nervous
system.
-Very slow biodegradation; accumulates
in food chain; may damage eyes; lungs,
liver, kidneys and skin.
-Toxic; causes central nervous system
depression and kidney, liver lesions.
-Highly flammable; associated with skin,
eyes, nose, throat, lungs.
-Vapor irritation to eyes, respiratory
tract and skin; possible chronic irritation.

PRODUCT TYPE

POSSIBLE
INGREDIENTS

POTENTIAL HAZARDS

Furniture
Polish

Petroleum distillates
or
Mineral spirits

-Highly flammable; moderately toxic;
associated with lung cancer;
irritant to skin, eyes, nose, throat, lungs;
entry into lungs may cause pulmonary
edema

Inks

Glycols

-Toxic; poison by skin absorption, ingestion
and sometimes inhalation; eye irritant;
stupors; kidney damage; anemia
-Volatile and flammable; methanol is very
toxic if swallowed; eye, nose and throat
irritation.
-Highly flammable

Alcohols

Glycol ethers
Metal Polish

Petroleum solvents

Oxalic acid

-Highly flammable; associated with lung
and skin cancer; irritant to skin, eyes, nose,
throat lungs.
-Potential damage to respiratory system,
lungs, skin, kidneys; skin and eye irritant

Mothballs

Chlorinated aromatic
hydrocarbons
(dichlorobenzene)
Napthalene

-Flammable; accumulate in the food chain;
vapor irritating to skin, eyes, throat;
dichlorobenzene is a suspected carcinogen
-Possible damage to eyes, blood, liver,
kidneys, skin, central nervous system;
suspected carcinogen

Nail Polish

Aromatic hydrocarbon
solvents

-Flammable; very toxic; skin contact may
cause irritation to chemical pneumonitis
(lung inflammation); may cause kidney,
liver, blood, central nervous system
damage .
.,-Moderately toxic; flammable; may cause
respiratory ailments
-Moderately toxic; may cause central
nervous system depression, damage to
eyes, skin, respiratory system

Acetone
Ethyl and butyl
acetate

Oven
Cleaner

Sodium or potassium
hydroxide (lye)

-Caustic; irritant, inhibits reflexes, bums to
skin, eyes; poisonous if swallowed due to
severe tissue damage.

Paint
Thinner

Chlorinated aliphatic
hydrocarbons
Esters

-Slow decomposition; liver and kidney
damage.
-Toxicity varies with specific chemical;
causes eye, nose and throat irritation.
-Volatile and flammable; eye, nose and
throat irritation
-Flammable; toxic; accumulate in food chain
-Flammable; toxicity varies with specific
chemical may cause respiratory ailments

Alcohols
Chlorinated aromatic
hydrocarbons
Ketones

POSSIBLE
PRODUCT TYPE

INGREDIENTS

POTENTIAL HAZARDS

Paints

Aromatic hydrocarbon
thinners

-Flammable; skin irritant; benzene is a
carcinogen; possible liver and kidney
damage.
-Highly flammable; skin, eye, nose, throat,
lung irritant; very high air concentrations
may cause unconsciousness, death

Mineral spirits

Septic Tank
Cleaners

Trichloroethylene

Methylene chloride

-Slow decomposition; known animal
carcinogen; kidney, liver and spleen
damage.
-Slow decomposition; liver and kidney
damage.

Silver
Cleaner and
Polish

Denatured ethanol
or isopropanol
Phosphoric acid

-Moderately toxic; central nervous system
depressant
-Corrosive; irritant; possible damage to
kidney, liver and digestive system.

Spot
Removers

Perchlorethylene or
trichloroethane

-Slow decomposition; liver and kidney
damage; perchlorethylene is a suspected
carcinogen.
-Corrosive; vapor extremely irritable to
skin, eyes and respiratory passages;
ingestion causes tissue bums
-Corrosive; irritates skin, eyes, respiratory
tract; may cause pulmonary edema and
skin bums.

Ammonium hydroxide

Sodium hypochlorite

Sodium acid sulfate
or oxalate or hypochloric
acid
Chlorinated phenols

-Corrosive; bums from skin contact or
inhalation; ingestion may be fatal.

Water
Proofers

Chlorinated
aliphatic solvents
Aliphatic and
aromatic hydrocarbon
solvents

-Slow decomposition; liver and kidney
damage
-Flammable; irritant; central nervous system
depression; possible liver, kidney, spleen
damage

Window
Cleaners

Diethylene glycol

-Toxic; causes central nervous system
depression and degenerative lesions in
liver and kidneys
-Vapor irritating to eyes, respiratory tract
and skin; possible chronic irritation.

Toilet Bowl
Cleaners

Ammonia

Wood
Preservatives

Chlorinated aromatic
hydrocarbons
Mineral spirits
Pentachlorophenol

-Flammable; very toxic; respiratory,
circulatory or cardiac damage.

-Flammable; toxic; accumulate in food chain
-Pentachlorophenol may be very toxic by
ingestion or skin absorption.
-Irritates skin, eyes, throat; absorbed
through skin; damages liver, kidneys, and
nervous system.

PRODUCT TYPE

POSSIBLE
INGREDIENTS

Wood Putty

Ketones
Toluene

Wood Stains/
Varnish

Mineral spirits,
gasoline
Methyl and ethyl alcohol
Benzene
Lead

Wood
Strippers

Chlorinated
aliphatic hydrocarbons
(methylene chloride)
Toluene

Benzene

POTENTIAL HAZARDS
-Flammable; may cause respiratory
ailments.
-Flammable; very toxic; may cause skin,
kidney, liver, central nervous system
damage; suspected carcinogen
-Highly flammable; associated with skin
and lung cancer; irritant to skin, eyes, nose,
throat, lungs; entry into lungs may cause
fatal pulmonary edema.
-Flammable; damage to eyes, skin, central
nervous system
-Flammable; carcinogen; accumulates in fat,
bone marrow, liver tissues
-Damage to digestive, genitourinary,
neuromuscular and central nervous
system; anemia and brain damage.
-Slow decomposition; liver and kidney
damage.
-Flammable; skin irritation; narcotic
properties; may damage liver, kidneys,
central nervous system.
-Flammable; carcinogen; accumulates in fat,
bone marrow, liver tissue

AUTOMOTIVE PRODUCTS
PRODUCT TYPE

POSSIBLE
INGREDIENTS

Antifreeze

Ethylene glycol
Methyl alcohol

POTENTIAL HAZARDS
-Very toxic, 3 ounces can be fatal to adult;
damage to cardiovascular system, blood,
skin and kidneys
-Damage to eyes, central nervous system

Auto
batteries

Sulfuric acid

-Skin burns; single overexposure may lead
to laryngeal or pulmonary edema (excess
fluid in larynx or lung tissue)

Car Wax/
Polish

Petroleum
distillates

-Associated with skin and lung cancer;
irritant to skin, eyes, nose, lungs; entry into
lungs may cause fatal pulmonary edema

Degreasers

Chlorinated
aliphatic
hydrocarbons

-Slow decomposition; trichloroethylene and
perchlorethylene are suspected
carcinogens; liver and kidney damage.

Engine, Radiator
Flush/
Cleaner

Chlorinated
aliphatic hydrocarbons
Acids

-Slow decomposition; liver and kidney
damage.
-Corrosive; irritant, damage to kidney, liver
and digestive system; pulmonary edema

PRODUCT TYPE
Motor Oil/
Gasoline

POSSIBLE
INGREDIENTS
Petroleum hydrocarbons
(benzene)

Lead

Rust
Preventers/
Removers

Chlorinated
aliphatic hydrocarbons
Potassium dichromate

POTENTIAL HAZARDS
-Highly flammable; associated with skin
and lung cancer; irritant to skin, eyes, nose,
throat, lungs; pulmonary edema; benzene
is a carcinogen.
-Damage to digestive; genitourinary,
neuromuscular and central nervous
system; anemia and brain damage.
-Slow decomposition; trichloroethylene and
perchlorethylene are suspected
carcinogens; liver and kidney damage
-Very toxic; highly corrosive to skin and
nervous membranes; if ingested may cause
coma, liver damage.

PESTICIDES
PRODUCT TYPE

POSSIBLE
INGREDIENTS

POTENTIAL HAZARDS

Chlorinated
Phenoxys

May be contaminated with dioxin, which is
deadly and mutagenic; irritation to skin,
eyes, throat

Herbicides
(Paraquat*,
Diquat)

Dipridyl

Toxic; causes skin, eyes and throat
irritations; causes lung, kidney and liver
damage, death

Herbicides
(Dinitrophenol,
Dini troorthocresal,
Binapacryl)

Nitrophenols

Highly toxic; readily absorbed via skin,
stains skin yellow; interferes with oxygen
transfer in cells; damages liver, kidney,
nervous system.

Pesticides
(Aldicarb*,
(Oxamyl, Carbofuran,
Methyomyl, Sectran,
Propoxur, Carbary!
(Sevin)

Carbamates

Interfere with human nervous system.

Pesticides
(Endrin*, Aldrin*,
Dieldrin*, Toxaphene*,
Lindane, Benzene
Hexachloride*, DDT*,
Heptachlor*, Chlordane*,
Mirex*, Methoxychlor)

Chlorinated

Very slow biodegradation; accumulation in
food chain and in fatty tissue; attack
nervous system; suspected carcinogens and
mutogens

Pesticides
(Phorate, Mevinphos*,
Demeton*, Disulfotan,
Parathion*, Diazinon,
Trichlorfon, Ronnel,
Azinphosmethyl)

Organophosphorus

Poison by interfering with the nervous
system; can be toxic; biodegradable, but not
much is known about the breakdown
products

Herbicides
2, 4-D;

2, 4, 5-T;
2, 4, 5-TP
(Silvex) *
MCPA,MCPB

POSSIBLE
INGREDIENTS

POTENTIAL HAZARDS

Pesticides
(Monvran*, Divron,
Linvron, Bromacil,
Terbacil, Altrazine,
Ametryn)

Urea, Uracil,
Triazine-based

Low toxicity, but will irritate skin, eyes,
throat

Rodenticides
(Warfarin, Coumafuryl,
Diphacinone, Fincione,
Valone)

Coumarin

PRODUCT TYPE

Anticoagulents may cause internal bleeding

*These pesticides are banned or restricted and should not be used by households.
1. NIOSH/OSHA Pocket Guide to Chemical Hazards. Frank Mackison, Scott Scricoff, Lawrence Partridge, Editors,
September, 1978.

2. Clinical Toxicology of Commercial Products. Marion Gleason, et al. 1969.
3. Toxicants in Consumer Products. Susan Ridgley, Seattle, WA Household Hazardous Waste Disposal Project, 1982.
4. A Guide to the Safe Use and Disposal of Hazardous Products. Metropolitan Area Planning Council, 1982.
NOTES:
1. The potential health hazards listed in this table are symptoms of acute poisoning and may be experienced as a result of
high exposure or direct ingestion.
2. This table has been reviewed for accuracy by the Department of Environmental Quality Engineering, Division of
Hazardous Waste and the University of Massachusetts, Department of Health and Safety.
THIS TABLE WAS TAKEN PRIMARILY FROM Dyckman, C., Luboff, C. and Smith-Greathouse, L., "HOUSEHOLD
HAZARDOUS WASTE DISPOSAL PROJECT" Report iD, SLEUTH, Metro Toxicant Program, Seattle WA, Aug. 1982.
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ALTERNATIVES TO HOUSEHOLD HAZARDOUS WASTE
PRODUCT

EXAMPLES

ALTERNATIVES

COMMENTS

HQUSehQld PrQducts
QQntaining Qaustic
Qhemicals
Caustic (causing burns)
chemicals are highly
corrosive-that is why
they are effective
cleaners. But these
same chemicals can
cause severe skin and
eye damage.

Oven Cleaners
May contain lye,
sodium hydroxide,
potassium hydroxide

Use baking soda for scouring. For baked-on grease, put
1/4 cup ammonia in oven overnight to loosen, then scrub
with baking soda.

NEVER USE AEROSOLS!
Pastes are safer.

Drain cleaners
May contain lye,
sodium hydroxide,
potassium hydroxide

Pour boiling water down drain or use plunger or metal
"snake".

Chlorine bleach

Use dry bleaches-they are safer and less destructive
than chlorine bleach. Use borax to whiten-it is a good
grease cutter.

Abrasive scouring
powders

Baking soda may work as well and there is no abrasion
to surface being cleaned or irritation to skin of person
using it.

Furniture Polish

To make a non-toxic polish: melt 1 tbsp Carnauba Wax
into 2 cups mineral oiL For lemon oil polish: dissolve 1
tsp lemon oil into 1 pint mineral oil.

Shoe polish

Use polishes which do not contain trichloroethylene,
methylene chloride, or nitrobenzene

Silver cleaner

Soak silver in 1 quart warm water with 1 tsp baking soda,
1 tsp salt and a small piece of aluminum foil.

Paint remover and
thinner

Use with good ventilation, use sparingly, and keep tight
lids on containers.

Paints

Use water-based paint if possible-they still have toxic
substances, but lack volatile hydrocarbons (solvents).

l::iQUSehQld PrQducts
QQntaining SQlvents
Solvents are fast-drying
substances which
dissolve something else.
Breathing of these
vapors or accidental
drinking can be harmful
or even fatal. Long-term
exposure to some
solvents may cause liver
and kidney problems,
birth defects, central
nervous system
disorders and cancer.

NEVER MIX CHLORINE BLEACH WITH
AMMONIA OR ACID (such as toilet bowl
cleaners) . Toxic fumes result.

Avoid products containing highly toxic
ingredients nitrobenzene,
denitrobenzene (carcinogens) and oil of
cedar (central nervous system
stimulant). Avoid polishes which may
entice children.

Methylene chloride is used extensively
in pain removers-it forms
carboxyhemoglobin in body-very
dangerous if heart condition exists.

PRODUCT

EXAMPLES

ALTERNATIVES

COMMENTS

AerQSQI ~pra)'.S
Aerosols are made up of
1/2 ingredient and 1/2
liquid or gaseous
propellant under
pressure. Some contain
organic solvents to
dissolve or suspend
substance-petroleum
distillates, toluene,
chlorinated
hydrocarbons, and
ketones .

Deodorants

Roll-ons, creams, sticks, non-aerosol sprays

Mist particles from the aerosol enter the
lung and then the bloodstream. There is
also the danger of exploding aerosol
cans. Aerosols are the major source of
pollution in the home. They are also
more expensive per application. You pay
for propellant and extra materials to
make container.

Hair Spray
(flammable)

Use setting lotion, gels, or non-aerosol sprays.

Shaving Cream

Brush and shaving soaps.

Glass Cleaners

Manual spray cleaners. You can make your own by
adding 2 tsp vinegar to 1 qt. water.

Air Freshen~rs

Ventilate! Or set vinegar out in open dish. Air fresheners
simply contaminate the air. Box of baking soda in
enclosed areas such as refrigerators or closets.

Air fresheners work by masking one
odor with another, coating the nasal
passages with an oil film, diminishing
sense of smell with a nerve-deadening
agent, or deadening unwanted odor (few
use this last method).

Pesticides

It is unlikely that pests can be totally eradicated, but it is
possible to control and reduce pest damage without the
use of commercial pesticides. Examples of pest
management (keeping pests below damaging levels):
-Keep a "clean" garden; many organisms like to live
under plant debris or wood. Keep garden weed-free.
Remove and destroy infected plants.
-Know pests so you can identify and attack the specific
problem without a broad spectrum pesticide (barriers,
traps, etc.).
-Encourage beneficial organisms which live off pests.

Vigorous and healthy plants need good
soil: loose , well-drained, fertile and
containing organic matter (peat moss or
compost).

EesliQides & HerbiQides
Pesticides are
poisonous and may
cause serious damage
to people, pets, and
wildlife. They also cause
other problems such as
destruction of beneficial
insects, development of
pest resistance, and
environmental
contamination.

Houseplant Insecticide

Soapy water on leaves-then rinse.

Herbicides

Hand pull weeds or mulch generously. Cover garden
with plastic in Fall to prevent weed germination.

Use resistant plant varieties.
Use correct planting techniques (correct
spacing and timing, crop rotation,
watering, and harvesting).

PRODUCT

EXAMPLES

ALTERNATIVES

COMMENTS

Chemical Fe!liliz;ers
Chemical fertilizers may
be caustic (causing
burns).

Fertilizers

Peat moss or compost (decayed organic
matter-manure, grass clippings, leaves hay, etc.)
improves the productivity of garden soil by adding
essential nutrients.

Chemical fertilizers are fast-acting,
short-term boosters which may deplete
soil's growing capacity with extended
use.

Organic fertilizers are high in nitrogen (blood and fish
meal) and high in phophorus (bone meal) ... may be
used in place of synthetic fertilizers.
Always read and follow all warning labels and directions. Be aware that household products are not safe just because they are on the market. Labeling of these
products is not always adequate and may be misleading. Manufacturers are not required to list all ingredients. "Inert" ingredients are not always inert. Indeed,
they may be just as hazardous as the active ingredients.
RESOURCES

FOR FURTHER INFORMATION CONTACT:

Ninety-Nine Ways to a Simple Lifestyle. Center for Science in the Public Interest.
Garden City, New York: Anchor Press, 1977. 381 p. This book provides many
alternatives to the use of hazardous household products . Safe cleaners for the home
as well as natural non-toxic pesticides and fertilizers for the garden are included.

CITIZENS FOR A BETTER ENVIRONMENT

Household Pollutants Guide. Center for Science in the Public Interest. Garden City,
New York: Anchor Press/Doubleday, 1978. 309 p. This book provides information on
the toxic properties of many household products such as polishes, oven and drain
cleaners, and aerosols. Safe alternatives are suggested for these types of products.
The principles of integrated pest control (ways to avoid the use of toxic commercial
pesticides) are also explained.
Toxicants in Consumer Products. Report B of the Household Hazardous Waste
Disposal Project Metro Toxicant Program #1, Susan M. Ridgley. Metro, M/S 81,
Seattle, WA 1982. Detailed technical information is provided on toxic chemicals
present in paints, household cleaners, and pesticides. This publication is part of a
series published by METRO concerning a household hazardous waste pickup effort
in 1982.
Pesticides-Chemical Hazards in the Home. Solvents-Chemical Hazards in the Home.
Household Cleaners and Polishes-Chemical Hazards in the Home, Nitsa Genson.
University of Wisconsin-Extension, Madison, WI, July 1979. This series of three
brochures explains what the products are, how they can be hazardous to human
health and the environment, and what the consumer can do about problems with
these products.
For more information on non-chemical methods of insect and weed control, contact
your University of Wisconsin-Extension office.

Milwaukee Office:

536 W. Wisconsin Avenue
Milwaukee, WI 53203
(414) 271-7280

Madison Office:

111 King Street
Madison, WI 53703
(608) 251-2804

Fox Valley Office:

118 S. Appleton
Appleton, WI 54911
(414) 738-0030

Poison Control Centers:
Milwaukee:

(414) 931-4114

Madison:

(608) 262-3702

Green Bay:

(414) 433-8100

This Fact Sheet was prepared by Mary Lou Van Compel,
CBE-Consultant specializing in environmental health
issues.

"GOOD QUESTIONS"
ABOUT
HOUSEHOLD HAZARDOUS CHEMICALS
1. How do you define a hazardous chemical substance? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

2. What does LD50 mean? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
3. What are some hazardous chemical substances used in your home or business?

4. Which of these products have you purchased or used in the last week?
Disinfectants _ _ _ _ _ _ __
Drain Cleaners _ _ _ _ _ __
Toilet Bowl Cleaners_ _ _ __
Motor Oil _ _ _ _ _ _ _ __
Paint Thinners/Removers _ __
Glass/Window Cleaners _ _ __
Oven Cleaners _ _ _ _ _ __

Air Fresheners/Deodorizers _ _ _ _ __
Bathroom Cleaners
Antifreeze _ _ _ _ _ _ _ _ _ _ __
Spot Removers _ _ _ _ _ _ _ _ _ __
Polish Removers _ _ _ _ _ _ _ _ __
Pest Control Products _ _ _ _ _ _ __

---------

5. What percentage of the billion lbs. of pesticides sold annually in the U.S. was for home and garden
use?

------------------ -----------------

6. If you put something down the sink or toilet, where does it go? _ _ _ _ _ _ _ _ _ _ _ __
7. Where does your trash/ garbage go? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
8. What does E.P.A. stand for? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
9. Who should you call if you see someone dumping wastes in a stream or ditch?

10. What will you do to decrease the risk from the use of hazardous chemicals?

Name _____________

INVENTORY
Do You Have ... ?

How Much?

Your"'
Rating

Garage or Basement:
waste auto oil
gasoline
old antifreeze
used brake or
transmission
fluid
old batteries
cans of old
paint
stains or
preservatives
solvents, paint
thinners, turpentine
paint strippers,
finish removers
rat poison
insecticides,
weed killers
slug bait
other garden
pesticides:

other:
II

II

•1 = practically non-toxic, 4 = very toxic, 6 = super-toxic.

Will it
Get Used?

Will it

Get Thrown
Away?

INVENTORY, cont.

Do You Have . . .?

How Much?

Your*
Rating

Will it
Get Used?

House
pet flea collars
flea sprays
Kitchen/Bathroom
drain cleaners
abrasive
cleaners
household
disinfectants
other:
"
"

Laundry Room
Detergent
dry cleaning
fluids, spot removers
bleach
other:

YOUR TALLY

CLASS TALLY

Where will it go?

Where will it go?

Most
Quantity?
Least
Quantity?
Your ratin~:
Most toxic?
Least toxic?
How much will
et thrown away?
Estimate)

5
"1

=practically non-toxic, 4 =very toxic, 6 =super-toxic.

Will it
Get Thrown
Away?

READING THE LABEL
What Do You Know?
The first thing that you want to do is READ THE LABEL. It will give you the information for
Question 1.
1. What is the brand name of your product? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

2. What is this product used for? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
3. How does this product work? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Background: Active Ingredients. The active ingredients are the chemicals responsible for the
functional effects of the product. For example, in a pesticide, the active ingredient is the chemical that
actually kills pests.
The active ingredient may only be a small percentage of the total content. The rest of the product
(inert ingredients) is made up largely of a vehicle-a substance that carries the active ingredients in a
form that makes it easy to apply or use. Such things as perfume or coloring agents are also
considered inert ingredients.
Although we have for the most part considered only active ingredients in the Product Tables, it is
important to remember that "inert" only means inactive in relation to the intended function of the
product. It does not mean that the inert ingredients are necessarily harmless to humans or the
environment.
4. What are the active ingredients in this product?

5. How should this product be used or applied? (List all pertinent directions)

6. Are there any precautions given?

7. Are there any indications that this product is toxic or hazardous?

ESTIMATING FARM FUEL
REQUIREMENTS
for Crop Production and Livestock Operations
Federal energy experts estimate that 3 to 4
percent of the energy consumed in the United
States is required by American agriculture to
produce the nation's food and fiber. With the
energy supply problems facing our country, every
producer should use farm fuels efficiently and be
able to adjust to possible reduced supplies.
If shortages become critical, you may be
required to apply for a fuel allotment. While you
may have all of your gas tickets from the past crop
season, would you be able to distinguish what fuel
had been used for which crop and how much
might have gone to provide mechanization for
your livestock operations?

How to Estimate ·
Your Farm Fuel Requirements
By using the Iowa fuel use tables and good
judgment, you can estimate the gallons of gasoline,

diesel fuel, or LP gas you will need to grow your
next crop and maintain your livestock program.
Here's an example of how you can use the Iowa
fuel use tables for next year's crop planning.
Consider a 480-acre Com Belt farm. The operator
plans to plant 240 acres of com, 160 acres of
soybeans, and wants to raise 800 market hogs. The
field crop operations are performed mostly with his
diesel-engine tractors and combines; the livestock
chore jobs are done with a gasoline-burning tractor.
From the table, 6.85 gallons of diesel fuel are
needed to grow an acre of com; 6.5 gallons of
diesel fuel wil~produce an acre of soybeans. So,
Com-6.85 gal/ax 240a planned= 1,644 gallons
diesel fuel
Soybeans-6.50 gal/ax 160a planned= 1,040
gallons diesel fuel
Estimated Annual Requirement=2,684
gallons diesel fuel

Estimates of Fuel Burned for
Crop and Livestock Production Operations Under Average Conditions
Crop Production
Cropping system
Com-conventional methods
Com-plowing with minimum tillage falanting
Com-no plowing, minimum tillaFEe p antinfa
Com harvested and stored as who e-plant si age
Conventional methods
Plowing with minimum tillage
No plowing, minimum tillage
Soybeans-conventional methods
Small grains-oats, barley, rye, wheat
Small grains-with plowing
Hay-<iry cured, 3 cuttings, baled
Haylage-3 cuttings or dry chol'~
Usmg combin~ ~ cutting wit self-propelled
cut, crush, wm row
Hay-3 cuttings
Haylage-3 cuttings

Gallons per acre

Diesel
fuel
6.85
5.40
4.30

LP rs
1 .4
9.0
7.2

12.0
10.0
8.5
9.0
4.25
6.5
12.0
18.0

8.65
7.20
6.10
6.50
3.00
4.70
8.65
13.00

14.4
12.0
10.2
10.8
5.1
7.8
14.4
21.6

7.2
13.2

5.20
9.50

8.6
15.8

Gasoline
9.5
7.5
6.0

Com drying-w~th favorable_drying ~~ditions-1 gal. propane will dry 7 bu. com
-w!th good drymg co~d1tions-;-~ gal. propane will dry 6 bu. corn
-with unfavorable drymg cond1hons-l gal. propane will dry 5 bu. com
Reviewed for reprinting by Erdal Ozkan, Extension agricultural
engineer.

Cooperative Extension Service
Iowa State University
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Livestock Production
(Includes all fuel used to remove feed from
storage, process and deliver to feeders)
Animal feeding period
Swine
Raise "I pig to market
including feeding of sow and boar

Gallons per animal
or 100 birds

Gasoline

Diesel
fuel

LP gas

0.40

0.30

0.59

Dairy

Cow milking 9,000 lbs, milk/year
Cow milking 12,000 lbs. milk/year
Heifer-1 year

1.00
1.35
0.40

0.75
1.00
0.30

1.20
1.60
0.50

Beef

Steers-grown from 400 to 1,200 lbs.
Heavy steers-grown from 700 to 1,200 lbs.
Heifers-grown from 400 to 850 lbs.
Yearlings-grown from 650 to 1,200 lbs.
Cows-winter and raise calf to 400 lbs.

1.80
1.00
1.35
1.75
0.90

1.30
0.75
1.00
1.25
0.65

2.15
1.20
1.60
2.10
1.10

Sheep

Lambs-native, from birth to market
Feeder lambs-SO lbs. to market

0.60
0.125

0.45
0.10

0.70
0.15

Poultry

Raise 100 broilers from birth to market
Raise 100 pullets from birth to laying
Layers for 1 year-100 birds
Raise 100 turkeys from birth to market

0.75
2.70
7.50
7.50

0.55
1.95

0.90
3.25
9.00
9.00

SAO
5.40
Gallons of fuel
used per animal produced

Manure Removal and Hauling

Gasoline

Diesel
fuel

LP gas

2.25

1.60

2.70

Cleaning beef feedlots, no bedding used in housing;
for feedlots holding up to 1,000 cattle at one timePer animal marketed

1.25

0.90

1.50

Cleaning beef feedlots without housing,
1,000 to 4,999 cattle on feed at one timePer animal marketed

0.50

0.35

0.60

Cleaning beef feedlots, without housing,
over 5,000 cattle on feed at one timePer animal marketed

0.40

0.30

0.50

Cleaning dairy lots with bedding used in
housing (includes scraping lots) per yearFor each milk cow in herd

6.75

4.85

8.10

Cleaning dairy buildings with liquid
manure collection, storage and haulingFor each milk cow in herd

9.00

6.50

10.80

Cleaning swine confinement finishing barns
with liquid manure system, haul and spreadPer pig raised to market

0.40

0.30

0.50

Cleaning swine finishing barns and lots;
may be beddedPer pig raised to market

0.30

0.22

0.35

Cleaning sow housing, per year (includes
cleaning farrowing house)

2.60

1.90

3.10

Cleaning beef feedlots with bedding
used in housingPer animal marketed

The table indicates that 0.4 gallon of gasoline is needed to
raise a market pig. It takes 0.4 gallon of gasoline to keep the
liquid manure hauled from the confinement finishing house
and field spread.
Growing market pigs--0.4 gal. X 800 head=
320 gallons of gasoline
·
Cleaning finishing building--0.4 gal. X 800 head=
320 gallons of gasoline
Estimated Annual Requirement::640 gallons of
gasoline
The amount of LP gas (propane is the most popular dryer
fuel) needed to dry shelled corn can be estimated. The
operator in the example planned to dry 20,000 bushels of com.
With good drying weather, 1 gallon of propane will dry 6
bushels of corn.
20,000 bushels
=3,333 gallons of LP gas
6 bu./gal.
Now comes the judgment part of the fuel use estimates.
The long-range weather forecast for the operator's area
predicts that the planting season will be "above normal" for
rainfall and with "near normal" daytime temperatures.
With those conditions, a farmer needs to anticipate more
fuel for planting, so should add 10 percent to the diesel fuel
estimate. Adding 268 gallons to 2,684 gives 2,952 gallons of
diesel fuel needed to grow the corn and soybean crops. He
would not need to increase the gasoline required to raise 800
market pigs because a pig grown in confinement is not greatly
affected by the weather.
If he used both diesel fuel and gasoline-burning tractors to
grow the crops, he must adjust his estimates. In one example,
suppose that about half of each type of fuel was used to
produce com. This means that he grew 120 acres of corn using
all diesel fuel and 120 acres using only gasoline. So:
Corn--6.85 gal/a X 120a planted=822 gallons of
diesel fuel
Corn-9.5 gal/a X 120a planted=l,140 gallons of
gasoline
Total

240a plant~

The amount of fuel burned between Jan. 1 and Dec. 31 to
produce an acre of any crop might vary in different parts of
Iowa or the Corn Belt due to many unforeseen conditions
beyond the producer's control.
These figures provide estimates of fuel required to do jobs
under typical Iowa conditions. In any given year, fuel
consumption on a particular farm may be either larger or less
than the values given in the tables.

Basis for Fuel Use Estimates
in Crop Production
The system used to develop the fuel use estimates was to,
first, list the various field operations required to produce an
acre of crop beginning with land preparation and continuing
through planting and harvest into storage; then to determine
the horsepower hours required for each operation and, finally,
to divide the horsepower hours by the typical number of
horsepower hours per gallon of gasoline to get the estimates
on a gallons-per-acre basis.
The fuel consumption estimates for field operations are
based on studies by the Iowa State University agricultural
engineering research group. Crop production studies were
conducted by James C. Frisby, formerly assistant manager,
University Farm Services. All field operations were time-andmotion studies to determine typical rates of travel with
various sizes of field machines, field operating efficiencies,
and tractor-implement size relations versus timeliness.
Fuel consumption rates by the various tractors and selfpropelled implements are base.cl on a 10-year summary of
Nebraska Tractor Test data for tractors operating at 50 to 75
percent of maximum load both on power take-off and
drawbar. An Illinois study disclosed that tractors operate at
approximately 55 percent of maximum load while performing
field work.
When determining fuel consumption rates for the various
operations, the 50 to 75 percent of maximum load figures were
interpolated to match field speed and type of load based on
experience with farm operations.
The fuel consumption estimates for the production of corn,
soybeans, small grain, hay, and silage have been checked
against actual fuel consumption records by many Iowa
farmers at the time field representatives of the Iowa
Department of Revenue, Motor Vehicle Fuel Tax Division,
responsible for checking refunding of gasoline taxes, audited
their fuel consumption records. The Motor Vehicle Fuel Tax
Division reports a close correlation between our researchbased figures and actual farm performance.

Fuel Use in Livestock Enterprises
Livestock production-particularly finishing beef, cow-calf
herds, market hogs, and dairy-are important livestock
enterprises throughout the Corn Belt. Estimates given are
based on amount of fuel needed to grind, mix, haul, and
deliver to the bunk the feed required to grow an animal from
birth to market in the case of swine or beef cattle.
Fuel used to feed a dairy cow through 1 year's production,
including the dry period, is on an annual basis. Estimates for
poultry are based on amount of fuel used in the production of
100 birds.
Tons of feed required to finish meat animals and poultry
and to maintain dairy cows in production were obtained from

the department of animal science at Iowa State University.
These figures are based on many years of research in nutrition
and production of livestock.
One of the large chore jobs with livestock is the cleaning
and maintenance of buildings and lots and the handling of
liquid manure from confinement livestock systems. Waste
production volumes used in manure removal and hauling
estimates for all farm livestock have been well established by
research people working in environmental quality. Allowances
were made for a system where large amounts of bedding are
being used.

Limitations
These estimates of fuel used in field crop and livestock
production are based on the most reliable experimental data
available and are tempered by practical experience.
The estimates given in this report are typical considering
soil, field, crop, and weather conditions; but the values might
be adjusted 10 percent up or down providing good judgment
is exercised by the farm operator.
Som, of tlu ,sti,,.,.tes in this P"bliClltion are used by
cov,t,sy /orJJII D,parl,,.,,., of R,r,oiv,, Motor Vdricl, Fv,l
Tu Dioision, 1111d Fum Joumal.
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and Justice for all
The Iowa Cooperative Extension Service's programs and policies are
consistent with pertinent federal and state laws and regulations on
non-discrimination regarding race, color, national origin, religion, sex,
age, and handicap.
Cooperative Extension Service, Iowa State University of Science and
Technology and the United States Department of Agriculture
cooperating. Robert L. Crom, director, Ames, Iowa. Distributed in
furtherance of the Acts of Congress of May 8 and June 30, 1914.

